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PREFACE 

The calculations presented in this report compliment and supple- 

ment systems calculations initiated at TRW.  Special appreciation 

is given to Mr. Allen Kuhl (TRW) for his cooperation and to 

Capt T. Tolman (AFWL/SA) for his guidance. 
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SECTION I 

INTRODUCTION 

Several questions  have been  raised regarding  the  propagation of  air 

blast  through tunnels with various  input and surface  conditions.    A 

series  of experiments was  conducted to investigate  this problem during 

the Pre Dice Throw 100  ton TNT event by TRW Systems.     In addition TRW 

and  the Air Force Weapons  Laboratory  (AFWL) have made several hydro- 

dynamic calculations  in support of  the experiments  and the underlying 

question of blast propagation in general. 

The subsequent sections of  this report include a summary of the 

AWL calculations. 

■ .,.--, ^ .. T _, ...j^. 



SECTION II 

SMOOTH TUNNEL PROPAGATION 

Four calculations have been completed for a smooth walled tunnel.  In 

each case the input boundary conditions at the tunnel entrance were taken 

from the AFWL 1 KT Standard (ref. 1) scaled to 1 MT. The calculations 

were carried to a distance of 3.2 km, which corresponds to a free air 

overpressure of less than 10 psi.  The inlet peak overpressure levels 

were 105, 10\ 600, and 100 psi.  Table 1 contains the initial conditions 

for each of the four calculations. All calculations were made with a 

one-dimensional, Eulerian, second order accurate, hydrodynamics corfe 

(DYTSAP).  The zone size in the vicinity of the shock front was held 

constant at 2 meters. Figures 1 through 4 are plots of the peak over- 

pressure versus distance from burst point for the four inlet pressure 

levels above. 

The 1 KT standard used as boundary conditions is an analytic fit 

with discontinuous shocks.  Hydrodynamlc codes define the shock over | 

minimum of three zones, thus the shock front for these calculations is 

spread over approximately 6 meters (m).  The effect of this interface 

between analytic and zone definition is an artificial drop in the peak 

overpressure immediately upon entering the hydro grid. As a check on 

this phenomenon, an additional calculation was made with 0.06 m zones 

(figure 5).  The fine zone calculation exhibited the same drop in 

Needham, C. E. , Air Force Weapons Laboratory (1 KT) Nuclear Blast 
Standard, AFWL-TR-73-55, Air Force Weapons Laboratory. Kirtland AFR 
NM, April 1975. 
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Problem 

Table 1 

1-D INPUT PARAMETERS 

13.0011      13.0012 13.0013 13,0014 

Yield 1 1 1 1 

Starting time (sec) 5.1 x lO-1 9.3  x lO"2 7.3 x lO-3 1.0 x 10" 

Distance of left 
mesh edge from 
burst center (M) 9.39 x 102 A.54 x 102 1.694 x 102 7.96 x 101 

Initial peak 
pressure (Pascals) 

6.8 x 105 

(Approx. 
100 psl) 

4.129 x 106 

(Approx. 
600 psi) 

6.8  x 106 

(Approx. 
lO11 psi) 

6.5 x 10B 

(105 psi) 

Number of cells 900 900 900 900 

fidth of cells (M) 2. 2. 2. 2. 
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peak overpressure but only a small percentage of that of the 2 m zone 

caicuJatlon. As the two calculations progress, the overpressure 

distance curves merge, and by a distance of 500 m no significant 

differences can be found.  The conclusion is that the correct amount 

of energy is entering the calculational mesh but takes a small amount 

of time (about 20 zones) to adjust to the new conditions. 

Table 2 compares the various results with one another and with the 

free air case at 1 and 3 kilometers from the burst point. 

15 
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Table 2 

OVERPRESSURE FOR VARIOUS INLET CONDITIONS 

(Pascals) 

6.8 x 10B 

(105 psl) 

6.8 x 107 

(lO1* psl) 

6.5 x 105 

(100 psl) 

Free air 

P (Pascals)    P (Pascals) 
at R - 1 km    at R = 3 km 

1.2 x 107 

A.3 x 106 

4.13 x 106    1.0 x 106 

(600 psl) 

4.9 x 105 

4.8 x 105 

3.5 x 106 

1.2 x 106 

3.2 x 105 

1.5 x 105 

6.0 x lO"* 

16 
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The table shows that a factor of three increase in pressure results at a 

distance of 3 kilometers when the inlet pressure is increased from I0k 

to 10 psi.  The pressure at 3 km for lO1* inlet pressure is 20 times as 

great as that of free air at the same point.  The overpressure Impulse 

is more than 200 times that of free air.  Similar comparisons can be 

made using table 1 for other inlet pressures.  Plots of the pressure 

waveforms for these four problems are contained in Appendix A.  A tabula- 

tion of inlet parameters for the 10k  and 105 psi waveforms is given in 

Appendix B. 

V ■'" '<■>' M^'WjJi»»—gy^rt» 



SECTION III 

THE TWO-DIMENSIONAL CALCULATION 

One calculation was made in two-dimensional cylindrical geometry to 

study the effects on air blast of corrugations on the inner surface of 

the tunnel wall.  The calculational mesh was 28 radial by 800 axial 

zones for a total of 22,400.  The radial zone dimensions were 6 cm near 

the outer edge of the tunnel with gradually increasing size to 15 cm at 

the center of the tunnel. The 800 axial zones were initially 12 cm, and 

the problem was rezoned such that the shock front always traveled through 

12 cm zones.  The tunnel had an outside diameter of 4.68 m.  Attached to 

the wall were perfectly reflecting rings extending 0.24 m into the tunnel 

and 0.6 m of outer wall between rings or 2.04 m from center to center. 

At the tunnel entrance lO1* psi input from a 2-MT free air burst was used 

as a boundary condition. The calculation has been run a distance of 180+ 

meters down the tunnel. 

Waveform plots indicate multiple shock enhancement on the axis of 

symmetry.  Overall decay of the shock front pressure appears to be 

matching that of the free air curve and is significantly more rapid than 

the 1-D (smooth walled) calculation.  The enhancement of reflected shocks 

is a significant factor.  A train of shock waves of gradually decreasing 

peak pressure follow the main shock at a nearly constant time interval 

between 1 and 1.5 ms.  The impulse is at least as great as that of the 

1-D calculations. 

18 
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The inlet temperature, after shock passage. Is in excess of 25,000oK. 

This high temperature gas is pulled into the tunnel behind the shock and 

is further shock heated to temperatures over 30,000oK. 

Table 3 gives the maximum pressure reached at several points in the 

tunnel.  In almost all cases the peak pressure reached is not the first 

shock but the second or third.  Figure 6 is the pressure-distance curve 

inside the corrugated tunnel.  Also included are curves from the free 

air case and the smooth tunnel calculation.  Appendix C contains a 

number of plots of a small portion of the length of the tunnel during 

shock passage.  The multiple shock enhancement is clearly shown. 

19 
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Table  3 

PEAK PRESSURES   IN CORRUGATED  TUBE 

Kange 
from 
burst 
(meter) 

Peak pressure (dvnes/ :m2) 

Tunnel 
center 

6.77E8 

Between center 
and outer edge 

Near out- 
side edge 

1.05E9 
214.3 6.80E8 

224 7.81E8 3.85E8 4.43E8 

234 5.55E8 3.80E8 3.97E8 

244 4.40E8 3.85E8 3.61E8 

253 3.76E8 3.32E8 4.74E8 

263 3.15E8 2.96E8 3.33E8 

273 3.21E8 2.66E8 2.41E8 

284 3.17E8 2.60E8 6.04E8 

294 2.89E8 2.32E8 3.71E8 

304 2.43E8 2.00E8 2.43E8 

314 2.84E8 2.53E8 2.64E8 

324 2.54E8 2.14E8 1.78E8 

334 2.13E8 1.76E8 1.22E8 

344 1.83E8 1.47E8 1.17E8 

353 1.40E8 1.36E8 1.76E8 

363 1.31E8 1.25E8 5.87E7 

20 
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APPKNDIX A 

1-D WAVEFORM COMPARISONS 

This appendix contains comparisons of overpressure waveforms inside 

the tunnel with free air waveforms at the corresponding times. 

23 
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APPENDIX B 

TABULATED INLET CONDITIONS 

This appendix contains tabulated values of the inlet conditions for 
»        5 

the 10 and 10 psi conditions. All units are CGS. 
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APPENDIX C 

PLOTS OF THE 2-D CALCULATION 

This appendix contains histograms, vectors, and contour plots of 

pertinent variables foi the corrugated tunnel calculation.  The shocks 

reflected from the corrugations, one shock for each corrugation, are 

clearly shown. The vortex formed between the corrugations can also be 

seen in the velocity vector plots and on the vorticity plots.  The 

multiple shock fronts, so clearly seen on the pressure histograms, are 

not numerical instabilities.  This is demonstrated by the fact that in 

the first eight shocks nearly 100 zones are used to resolve them, 

instabilities would be seen in essentially every other zone. 

The tunnel is oriented along the axis of symnetry of the code. 

Thus, on the plots, altitude refers to distance along the length of 

the tunnel from the opening, not from the burst center. The numbers 

on the right and the top of the graphs are the zone numbers for the 

calculatlonal grid. 
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PRESSURE VERTICAL HISTQGRflM 
VERTICAL CROSS SECTION AT ROD IUS 7.5QE-G5 KM  (I: 

St ICC 

190.0   - 

MO.Q   - 

U1C.Ü   - 

120,0   J 1 
U'O.O   - 

80.0 

6(1,0   - 

un.o  -■ 

20.0   - 

s» HIN - 2.ü28e+06 
HPK - 2,698E+0e 
DX1 :: 1.500E+01 

799 
740- 
690- 
G3CJ 
580 
5201 
470 
420- 
360- 
310- 
250 
200 
140 
80 
30 
20^ 

JO- 

50.0 --0       •'•f      JO'O     is.fi     2o.o     2s.Tti     3o,'o     äsTö     üö'ö     üsTci 
P«t^URE DYNES/CM-SO IX10 1 

WWL HULL CfiLC OF 1 MT CORRUGATED TUBE 1QQQ0 PS I IN    SEP 75 
TIME 32,000 MSEC     CYCLE 733. PROBLEM " 13.6100 
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PhtSSURE 
124.0    4 

122.0 

120.0   - 

113.0 

118.0 

y   U'i.O   - 

112,0 

1 27 

:UJ-Ü wl'fl 

11». 0 

ll'p. 

:'>i,rj    f- 
-.C 

CONTOUR BOIU 
DYKE/SO-CH 

1 0. 
2 il.OOOE+07 
3 9.0C0f+07 
1 1.200E+08 
5 l.BOOE+ffl 
6 2,D00E+Cie 
7 2.U00E+08 
8 2.800E+08 

BU ::   I.'JOOE+OI 

WIN r a. 
1 - 2,130E+02 
Y = \.<jm*m 

M 3 3.CJ2IE+08 
X : 2,130E>02 
Y : LüSUE+OU 

508 f 

480 - 

470" 

4601 
! 

4501 

440 ■l 

430i 

420 

410- 

400- 

390 ■ 

376 

2.0 «.a 0.0 19.0 16.0 10.0 ac.o 8,0        10.0        12,0 
RtOIUS H 

RF«L  HULL CflL.C QP   1  MT CORRUGflteO TUBE   IÜQQQ PS I   IN SEP 75 
rJML"    32.000 MSEC CYCLE    733. PROBLEM       13.6100 
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• 

; 

1511.0 

122.0 

120.0 

ilS.O    - 

U6.0 

UJ 

S   114.0   ■ 

112.0 

110.0 

108.0 

106.0 

\m.o 

21 

ÖRfiOlENTS 
PRESSURE 

VECTOR SCfil.E 
1  IN - ii.000E+02 DYNE/3Q-C 

cne n» 506 

1490 

480 

470 

460 

•450 • 

440- 

430- 

420" 

410 

400 f 

390 

376 

-.0 2.0 U.O 6.0 ItuT 1U.Q        16.0        18.0        2C.0 8.0        1U.0        12.0 
RflDIUS H 

RF«L MULL CPLC OF   1  MT CQRRUGflTED TUBE  IQOOQ PSI   IN 5EP 75 
TIME    32.000 MSEC CYCLE    733. PROBLEM      13.6100 
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GfiflDIENTS 
PRESSURE 

'U.O 
1 27 

122,0   - 

120.0   - 

110,0   - 

116.0   - 

|   1111,0   - 

ä' 

4 

112,0 

110.0 

108,0 

106,0 

Ui'i.O     -I r 
-.0 2,t 

CONTOUR SCfitE 
DYNES/CC 

1 0. 
2 u.ooüt+oe 
3 8,000E+06 
4 1.200E+07 
5 1.600E+07 
6 2.00QE+07 
7 2.40nt*07 
8 2.ÖÜUt+07 

506 

490 

mo 
0X1 s t.MDMH 470 
HIN 

X 
Y 

m% 
X 
Y 

= D. 
: 2, m-Kja 
= l.ÜVUt*CW 

- 3.057E*07 
: 2.130f-02 

460 

450 

440 

430 

420 

410 

400 

390 

376 ■ 

u-o 6,0 14,0 16,0 18.0 20,0 3,0        10,0        12.0 
RADIUS H 

^3-  HoUJrLr m-C  0F 1 MT CORRUGATED TUBE 1Q0Q0 PSI IN    SEP 75 
TIME 32.000 MSEC      CYCLE 733. PROBLEM  13.6100 
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DENSITY VERTICAL HIGTOGfiRM 
VEhTICR   CROSS SECTION Rl  RRÜIUS 7.50E-05 KM    (I-      1 

"■iiT.O 

^ri.o - 

180.0 

IMO.D   - 

i,'4i.ri 

^ lon.c 

CI 

80.0 

KI.O   - 

iiO.0   - 

20, 

,0 

MIN - a.iecE-os 
W» 5 1.U32E-02 
DX1 = 1.500E*OI 

799 
7U0 
690 
630 
580 
520 
470 
Ii20 
360 
310 
250 
200 
140 
80 
30 
20 

10- 

KLO 
A-- 

16.0 18-0 a.o 6.0   8,0   10.0   12.0 
DENSITY WAMS / CC  1X10 "^ 

RPML  HULL CRL.C OF  1  MT CQRRUGflTED TUBE   100QQ PSI   IN SEP 75 
IIME    32.000 MSEC CYCLE    733. PROBLEM      13.6100 
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VECTOR VELOCITY 
U'-I.O 

IÄJ.D   - 

USD 

;;• o 

i m.fl - 

27 

.1 

112.0   - 

iiii.o  ■ 

188.0   - 

It«.I   - 

itw.o 

»WX yELOCITY S ii.33t+00 KM/9EC 
LOG SCflLt 

508 

1490 

1480 

470 

1460 

1450} 

14140 

w- 
i420 • 

410 

1400 

390 ^ 

376 

■.0 I..0 6.0 
—T— 

10.0        12,0 MLQ        16.0        18.0 20.0 

RADIUS N 
RFWt  HILL CRLC-flF   1  MT  CQRRUGflTED TUBE 1Q0Q0 PSI   IN SEP 75 

TIME    32.Ü00 MSEC               CYCLE    733. PROBLEM 13.6100 
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I2il.f; 
27 

122.0   - 

l»,0   - 

Ü8,0   - 

U6.Ü   - 

s- 
■J.. 
f.. 

* 
li'l.O   - 

IJ2.0   - 

no.o  ■ 

its.c  ■< 

ite.i rVtJHi 

vrnTicnv 

CONTOUR sca.E 
CM/SEC/CH 

2   -LaBMH 50B ■ 
3    -1.2S0E+0U 
4    -l.OTOE+Oi 
5    -7.500E+03 
G    -B. 0006*03 490 7    -2.50GE+03 
8     0. 

460 
ran -. !.'rtiF->i5i 

470 
HIN ---i/tiSttE+Oi» 

X r 2.310E+O2 
Y = l.tHMN 460 

HRX s 2 IMN» 450- 
X s 2.««*« 
Y - i.mr-Kw 440 ■ 

430- 

420- 

410- 

• 400 ■ 

390- 

l-' 1.0      i 1' 
-.0 2.V li.O f-.f! Hi.0 1G.Ü 

376- 

18.0        20,0 8-0 iO.O        12.0 
RADIUS H 

RFWL  HULL   C«! C 3F   L  NT CCmjGflTEO TUBE   10000 PS I   IN 5EP 75 
TIMP;    32.03(2 MSK CYCLE    733. PROBLEM      13.6100 
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I 

U'U.O   -f- 
DENSITY 

22.0   - 

U'M. 0 

118 0 

118.0   - 

a  ijij.o 

IIP.U    - 

27 

[ 

[ 

[ 

108.0 

106. C 

;i"i,o 

CflMTOUR SCfll.E 
GM/CC 
2.M0E-03 
5,0Ü0E-03 

1.ÜO0E-O2 
i.an-oa 
1.75aE-02 
2,000E-02 

DX1 •: 1,Ö00E+01 

MIN S 1.673E-03 
X : 7.bO0E+00 
V "  1.067E+0U 

HFIX : 2. MKHB 
X -- 2.3lOf*02 
Y - 1.08i«:*Oi4 

508- 

490 

480} 

470 

460 

450- 

440- 

430 

420 

410^ 

400 

390- 

376 

8.0 
T- 

ly.o te.o 18.0 <?0.C 10-0        12.0 
QOl 11JQ   U 

RFWL  HULL Cfll.C OF   1  MT COflRUGflTgO TUBE   lUQOQ PSI   IN SFP 75 
TIME     32.000 MSEC CYCLE    733. PROBLEM       13.6100 
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JÄ.O 
vecTon VELOCITY 

12U. 

;i9.fj  - 

1 27 

UN.O 

VECTOR SCALE 
1  IN = 5.0006*00 

«K not  « 508 

490 

480 

470 

460 

450 

440 

430 

420 

410 

400 

390 

376 

8.0        10.0        12.0        14.0        Iß.O        18.0 70,6 
BQfl T l |C   M 

mF   ^2 nm^Sö?   1   MT  CrWPTl£TUBI  1QQQÜ PSr   IN SEP 75 Um    32.000 MSEC CYCLE    733. PROBLEM      13.6100 
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VERTICAL VELOCITY     VERTICAL HISTQGRflM 
VERTICfR CROSS SECTiaN RT RRDIUS 7.50E-05 KM ilz       1 

180.0 

180; 0 

UIO.O 

120 a 

> 
UJ 

y   100.0   J 

90.0 

60.0    - 

tlO.O 

20 

-.0 
-.0 

HIN : 0. 
tW S i»,332E+05 
0X1 " l.bOOE+Ol 

799 
740 
690 i 

630- 
560- 
520- 
1470' 
420" 
360 ■ 
310- 
250 ■ 
200 
140- 
80 • • 
30- 
20- 

10- 

5.0 10.0 lb.0 uo.o U5.0 
l-\ 
50,0 20.0   2b.0   30.0   35.0 

VELBCIiy CH/SEf IX10 *) 
fifWL HULL CflLC OF 1 MT CURRUGflTED TUBE 1000G PSI IN    SEP 75 
TIME 32.DOC MSEC      CYCLE 733. PROBLEM  13.6200 
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KINETIC ENER&Y 
12U.0 

122,0   - 

12C1.0   - 

118.0   - 

118.0 

27 

5  . I'i.O   - 

112.0   - 

ONTOUR 3CPt.E 
EHRj/GH 

0, 
1.2WE+10 
2.?j0aE+I0 
3.750E+10 
5.000E+10 
e.ibOE+lO 
7.-.onE+io 
8.V50E-H0 

DX1 -: 1.50CE*0I 

HIN S 0. 
X = 2.130E+02 
Y S 1.069E+0U 

WflX " 9.383E+I0 
X : 7,50DE-»-00 
Y : 1.067E*CM 

i..O 8.0 8.0 10.0 12.0 I'l-O        16.0 IsTo 

508} 

490 

480 

470 

460 

450 

440 

430 

420 

410 

400 

390{ 

376 

20.0 
BHUIUS M 

ffl WL  HULL C.RLC QF  1  MT CORRUGflTEO TUBE  1Q0G0 PS I   IN SEP 75 
TIME    32.000 MAC CYCLE    733. PRHBLEM       ]3.610G 

95 

^jfy 



11 — „—J— 

300.0 
«mrcTÄÄT«, «T «t^Ä-ST^ 

180.0   - 

160.0 

140.0 

120.0   - 

100.0 

80.C 

60.0 

W.O 

30.0 

-.0 
.0 

—i— 
3.0 

—t— 
r.o 

1) 

HIN = 3.038E+O6 
WX S 2.I106E4OB 
0X1 r l.SOOE+Ol 

799 
7140 
C90 
630 
580 
520 
»470 
1420 
360 
dlO 
250 
200 
1(40 
80 
30 
20 f 

10 

t— 
21.0 IM ^—-4 

37.0        30.0 

r% %Äc0cF ' "ISre^ -o «yU « ^U 
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PRESSURE 
12U.0 

122.0   - 

lÄ'.O 

ns,o - 

llß-0 

§   114.D 

5: 

112.0   - 

UO.O 

m.Q 

106.0   - 

lOi.O 

] 27 

E 

CONTOUR SCflLE 
imiE/SO-CM 

1 0. 
2 U.O00E+O7 
3 8.000E+07 
k 1.200E+08 
5 1.600E+08 
6 2.000E+08 
7 2.UOOE+08 
8 2.800E*Oe 
9 3.200E+08 

UXi :: l.SOOE+01 

WIN a o. 
X : 2.130E+02 
Y = ummw 

MfiX a 3.398E+08 
X - 2.130E*02 
Y : l.lU8E+ai 

508 

490 

480 

470 

460 

450 

440 

430 

420 

410 

400 

390 

376} 

■-0 Z.l' ii.Q 6.Ü 11.0 16.0 18-0 20.0 8.0        ICO        12,0 
HflDIUS M 

flPWL  HULL  CRL.C HF  i  MT CORRUGflTED TUBE   IQQOG PSI   IN SEP 75 
MME    34.DUO MSEC CYCLE    942. PROBLEM       13.6100 
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i 

PRESSURE 
130.0 

119.0   ■ 

116.U 

117.0 

1 10 27 

in.o • 

no.o 

CONTOUR SOLE 
DTIC/SO-CM 

1     0. 
II.000E+O7 
0 000E+O7 
1.«JOE+OO 
1.600E-KJ0 
3.a00E«00 
9.W)QE«00 
2.oooE*ao 
S.300E400 

475 

0X1 I 1.50aE«01 
HIN r 0. ncn 
HHX = 3.390E*O0    ^bU 

1450 

tidO 

426 

r 
5.0 

—i— 
6.0 

t 
7.0 

—T— 
9.0 9.0 9.0       10.0 

Ä2I HiJLL CRLC 0F  l MT COR^STED*1 TUBE  10000 PS I  IN SEP 75 
TIME    34.000 MSEC CYCLE    9^. PROBLEM      13.6100 
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;   ,..'    -f 

122,0   - 

121'. 0   - 

118.0 

11B.S   - 

u 

§ nu.o  - p 
t-t 
t- 

112.0   - 

,10.0    - 

108.0 

116.0   • 

lt.«i.O 

27 

♦ « 

ORflOIENTS 
PRESSURE 

mnm SCOIE 
i IN - u.nocie+oa DYNE/SQ-C 

506- 

ti90 

460 

470 

460 

450 

440 

430 

420 

4J0 

400 

390 

376 f 

2.0 'i.O 6.Ü 8.0 10.0 12,0 m.O 16.0 18.0        20.0 
TOIUS H 

RFWi   HULL  QIC OF   1  MT CORRUGRTEO TUBE   1QGQD PS!   IN 5EP 75 
TIME    311.000 MSEC CYCLE    942. PROBLEM      13.8100 
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GfiflDIENTS 
PRESSURE 

m.Q -i  

»22,0 

iai.o 

liV .■ 

iif>,n - 

s nu.o - 
;-' 

112.0   - 

no.( 

108.0 

i!«.;,1 

10«i-0   +- 
-.D 

27 

r 
t 

CCKTOUR SCflLE 
(mts/cc 

o. 
U.000E+Ü6 
e.OOOE-KB 
1.200E+07 
1.60ÜE-K)7 
2.Ü00E*O7 
2.U00E+O7 
2.800E'*O7 
3.200E*07 

OKI :- 1.500E+01 

MIN 
X 
I 

2.i;«E+02 
1.070E+0« 

ym z 3.213E+07 
X = 2,13aE+Q2 
Y = l.lbOE-»« 

506 

490 

480 

470 

460 

450 

440 

430 

420 

410 

400 

390 

376 

2.0 y.o 6.0 I'i.O 16.0 18.0 20.0 

RFWL HULL CRLC OP 
IIME 34.000 MSEC 

8,0   10.0   12.0 
RRDIUS N 

MT CORRUGflTED TUBE 10000 PSI IN    SEP 75 
CYCLE 942. PROBLEM  13.6100 
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1—■—— T^" 

20D. 

VERTICAL VELOCITY 
VEHTICHL CROSS SECTICIN AT 

VERTICAL 
RADIUS 7.50E- 

HISTQGRAM 
05 KM [lz 

itt,0   - 

160. 

I'iO.f! 

ta&s 

y iuo.o - 
i- 

ai 
80,0   ■ 

80.8 

•ifi-O 

20.0 

-b.O 

HIN :-l,5ll7E*0U 
W« - 3.975e»05 
DXl :: 1,500E*01 

1) 

799 
7U0 
690 
630 
580 
520 
470 
(420 
360 
310 
250 
200 
140 
80 
30 
20 

10" 

30JD~ asTo" uo.o Ib.. lb.0       20.Q       2b. Ci 
VELOCITY CM/SEC  (X10  *) 

lilWL HULL CRLC OF 1 MT CORRUGflTED TUBE 10000 PS I IN    SEP 7S 
IML 34.000 MSEC     CYCLE 942. PROBLEM  13.6100 
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mm 

DENS in VERTICAL HISTOGflflM 
VEHTICW   TRCIBS SECTION AT RADIUS 7.50E-05 KM     {Ir 

2«) J 

•,30.0 

lU'.O   . 

IW.O 

120.0   - 

HIN = 2.580t-05 
«Wt = l.ii51E-02 
OKI " l.MOE+01 

1) 

799 
740 
690 
630 
580 
520 
470 
420 
360 
310 
250 
200 
140 
80 
30 
20 

10- 

6.0 e.o 1U.0 20.0 

RFjOiLU-Gflbei5r"rf!T CÜRflUGATED TUBE   10000 PS I   IN SEP 75 
mf    34.000 MSEC CYCLE    942. PROBLEM      13.6100 
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DENSITY 
m,o 

122.1' 

120.0 

118.0 

1 27 

[ 

[ 

CONTCIUR SCflLE 
OH/CC 

3.000E-03 
6.ÜCXE-03 
9.0Ü0E-O3 
1.2t)0E-02 
l.SQK-CS 
1.800E-02 
2.iaOE-02 
?.ii00E-O2 

2 
3 
I 
| 
6 
7 
3 
9 

DX1 S 1.&O0E+O1 

MIN : l.t467E-03 
X : 7.500E-KM 
Y S 1.130E-KXi 

mt r. 2,ii72E-02 
X = 2.310E*02 
Y = 1.1U8E-KW 

506 

490 

480 

470 

460 

450 

440 

430 

420 

410 

400 

390 

376 

'i.O 6,0 
 r- 1 r H 
iy.0   16.0   18.0   20,0 8.0   JO.O   12.0 

RflDIUS H 
RFWL HULL CRLC aF 1 m  CORRUGRTEO TUBE 1Ü0ÜQ PS I IN   SEP 75 
TIME 311.000 MSEC     CYCLE 942. PROBLEM  13.8)00 
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DENSITY 
130.0 

119.0   - 

118.0   - 

117.0 

116.0 

1        10        27 

^   115.0 

5 
lu.o - 

113.0   - 

113.0   . 

111.0 

110.0 
-.0 2.0 

—^— 
9.0 

t 
v.o 

C8NT8UR JCflLE 
GM/CC 

3     S.0O0E-O3 
9     6.00aC-O9 
tt     9.000^-09 
5     1.3006-03 
9     1.5aOE-03      U7S 
7     1.900C-03 
•     3.10K-O3 
9     3.«0aE-O3 

0X1 r l.SOOE+Ol 
MIN r 1.W7E-09 
NRX • 3.V73C-03     ^gg 

1450 

440 

430 

426 

—T— 

9.0 
■■ t 
6.0 

—r— 
7.0 

—I— 
9.0 

—r— 
9.0 

i.o      ....      *.„      ,.u      a,B      e„      70      8 0      90     l00 

ÄÜS1 Hi/f-L«i:flLC 0F  l MT COnRUGflTEDM TUBE 10000 PS I  IN SEP 75 
TIME    34.000 MSEC CYCLE    942. PROBLEM      IS.BIOO 
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KINETIC ENERGY 
m,t  r- 

1 27 
CONTOUR SCflLE 

ERGf3/GH 
I      0. 508 
2      l.OOOE+10 
3     2.000E+10 
U      3.00CE+10 
5     4.000E+10 490 ■ 
6     5.riO0E+lü 
7      fi.OOOE+lO 

480 8      7.000E+10 
9     S.OOOE+10 

DX1 :; 1.500E+01 
470- 

MIN - 0. 460- 
X : S-iaOE+CK1 

Y - i.nfiaF+ou 4b0 

HHX  - 3,067E+10 440- 
X - 3.700E+01 
Y = I.IZTE+Oi 

* 430 

420- 

410' 

400 

390 

—1 —■  i 1 1       ' y 

376 

8.0 1S.0 12.0 Hi.O 16.0 18.0 20.0 
moita H 

ffl Wl  HULL r:ni C OF   1  MT CORRUGfiTEO TUBE  1QOQO PS I   IN SEP 75 
HMt    34.000 MSEC CYCLE    942. PRC3BLEM       13.6100 
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KINETIC ENERGY 
130.0 

119.0 

118.0 

117.0 

113.0   - 

na.o 

ni.o - 

110.0 

10        27 
cmrauRsenjE 

EN»/CH 
1    0. 
a    I.OOOE^IO 
3    a.OOQE«» 
(t     3.000t»lO 
S    H.OOOE*10 •47S 
6    S.OOOE*10 
7    S.OOOE^IO 
•     7.000E»10 
9    #.000C*10 

mi i i.saaE«oi 
HIN : 0. 
HM 1 B.067E«10 (160 

450} 

440 

430 
426 

—r— 
3.0 

—1— 
V.0 

t 
5.0 6.0 

i 
7.0 

f 
9.0 

I 
9.0 -0         1.0         3.0         3.0         V.0         5.0         6.0 7.0        6.0         9.0 10.0 
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ArWL-TR-75-297 

No. cys 

Hq USAF, Wash, DC 20330 
1 SAMI 
1 XOOWD 
1 PRE 
1 PREE 
1 RDQLM 
1 RDQPN 
1 RDQS 

1   AFTAC/TAP, Pat ARB. FL 
32925 

1   AFCEC/PREC, Tynd AFB, FL 
32401 

1    AFISC/SE, Nort AFB, CA 
92409 

AFSC, And AFB, Wash, DC 
20331 

1      DOB 
1      SCS 

TAC, Lang AFB, VA   23365 
1 LGMD 
1 DRA 

1 AUL/LDE, Max AFB. AL    36112 

1 AU/ED, CE, Max AFB. AL    36112 

AFIT, WPAFB, OH    45433 
1 Tech Lib 
1 DAPD 

1 CINCUSAFE/INT, APO NY    09012 

1 USAFA/DFSLB, CO   80340 

1 USAF SCLO (Maj Pierson, Ch. 
LO), POB 384, Toronto, ON 
M5K 1K7 

1 ARL/STINFO, WPAFB, OH    45433 

1 AFML/Lib, WPAFB, OH    45433 

SAMSO, POB 92960, WWPC, 
LA, CA    90009 

1 SEN 
1 WNH, Maj Gage 

1 ADTC/Lib, Egl AFB, FL    325^2 

DISTRIBUTION 

No. cys 

1 
1 

1 
2 
5 
1 

1 
1 

I 
1 
1 
1 
1 

1 
1 

1 

1 

1 
1 

RADC, Grlf AFB, NY    13440 
Doc Lib 
EMCTT-1, Mr.  Entzminger 

AFWL, Kirt AFB, NM   87117 
HO, Dr. Minge 
SUL 
DYT, Mr. Needham 
IN 
SA 
SAA 
SAB 
SAT, Mr. Sharp; Mr.  Murphy 
DE 
DEV 
DEX 
DEZ 
DY 
DYS 
DYX 

AFATL, Egl AFB, FL    32542 
Maj Durrett 
Capt Matuska 

AFOSR/Lib, 1400 Wilson Blvd, 
Arlington, VA   22209 

TAWC, Egl AFB, FL    32544 

Diamond Lab, Wash, DC   20438 
Lib 
ANXDO-NP, L. Belllveau 

RSIC/Ch, Doc Sec, Rdstn Ars, 
AL    35809 

BRL, Abdn Pvg Gnd, MD   21005 
AMXBR-TB, J. Meszaros 
AMXBR 
AMXBR-RL 
J. Keefer 

Plcatlnny Ars, Dover, NJ   07801 
SMUPA-TN 
STINFO Ofc 

USA Eng WW Exp Sta, POB 631, 
Vlcksburg, MS    39181 

WESRL 
WESSS 

WSMR/LIb, Wht Sands, NM   88002 

Nav 0ps/0P-75, Wash, DC   20350 
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AFWL-TR-75-297 

Ao.  cys 

1 
1 

NRL, Wash.  DC 
Code 2070 
J. Boris 

20390 

1 
2 
4 

1 
2 

1 
1 
2 

1 

1 

1 
1 
1 
1 
3 

NSWC, Mit Oak, Slvr Sp, MD 
20910 

Code 730 
J. Peters 
Exp Eff Div, Mr. Hornig 

NWEF/Code ADS, Kirt AFB, 
NM    87117 

DNA, Wash, DC   20305 
DDST, Dr.  Atkins 
STIL 
SPSS, E. Sevin; Capt J. 
Stockton; Maj T. Stong; 
K. Goering 
SPA, Capt D. Garrison 
SPAS, J. Moulton; M. 
Rubenstein 
STAR 
SPLN, J.-Kelso 
RAAE, P. Fleming; Capt 
Bauer 
RATN, Comdr Alders on 

ODDR&E/Asst Dir, Strat Wpns, 
Wash, DC   20301 

ARPA/LtC Whitaker, 1400 
Wilson Blvd. Arlington, VA 
22209 

DDC/TCA, Cam Sta, Alex, VA 
22314 

ERDA/Lib, J004, Wash, DC 
20545 

JSTPS/Maj Greene, Off AFB, 
NE    68113 

DIA/Mr.  Castlebury, Wash, 
DC   20305 

Sandia Lab, Kirt AFB, NM 
87115 

Org 3141 
Div 1111 
Org 1723, G. E. Barr 
Div 5644, J. Reed 
M. Merrit; L. Vortman; 
D.  Dahlgren 

AFCRL/OPR, Dr. Gardiner, 
Hanscom AFB, MA 01730 

No. cys 

1 

1 
1 
1 
1 

1 
1 
1 

1 
2 
1 

2 

1 

LLL/Lib, B50, R134, Berkeley, 
CA   94720 

Sandia Lab. POB 969, Liver- 
more, CA   94550 

Org 8000, Dr.  Cook 
R. Scholer 
T. Gold 
J. Mansfield 

LLL, POB 808, Live more, CA 
94550 

L-51, M. Hanson 
TID 
E. E. Alexander 

LASL, POB 1663, Los Alamos, 
NM   87554 

Rpt Lib 
J-10, E. Jones; R. Gentry 
Dr. A. Graves 

Aerosp Corp, POB 92957, LA, 
CA 90009 

Lib 
R. L. Beck 

Bm Eng Co, 300 Sparkman, 
Huntsvilie, AL    35807 

V. Kenner, MS-44 
C. Wayne 
J. Dobkins 

McDon Doug, 5301 Balsa, 
Huntington Beach, CA 92547 

K. Stone; P. Lewis; D. 
Dean; T. Thomas; D. Hilde- 
brand; J. Logan; R. Zach 

GE TEMPO/T. Barret, 816 State, 
Santa Barbara, CA 93102 

Kaman Sei, CO Spgs, CO 80907 
D. Pirio; D. Sacks 

Kaman Av/J. Ruetenik, 83 2nd 
Ave, Burlington, MA   01803 

MartMar, POB 5837, Orlando, 
FL    32805 

R. Heffner; C. Washbum; 
H.'Suguichi; D. Cooke 

MRC, 1 Presidio, Sta Barbara, 
CA   93101 

R. Christian; D. Sowie 
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AFWL-TR-75-297 

No.  cys 

SAI. POB 2351,  La Jolla. 
CA    92037 

3 C.  Busch;  R.  Lowen; 
J.  Young 

1 SAI/D.  Hove.  101  Cont Bldg, 
Ste 310, El  Sequndo, CA 
90245 

1 SAI/R.  Hillendahl, POB 10268» 
Palo Alto,  CA    94303 

1 GRC/J.   Ise, Box 3587, Sta 
Barbara, CA    93105 

1 SAI/M.  Tobrinen, Ste 808, 
1901 N.   Ft Myer, Arlington. 
VA    22209 

1 

1 

1 

1 

2 

1 

SAI/R.  Clemens.  122 LaVeta 
Dr NE. Albuquerque, NM 
87108 

BTL/W.  Troutman. Whippanv, 
NJ    07981 

Calspan/R.  Deliberls. POB 
235,  Buffalo, NY    14221 

ISI/W. Dudziak, 123 W. 
Padre, Sta Barbara, CA 
93105 

Lockheed,  3251  Hanover, 
Palo Alto,  CA    94304 

MITRE, Box 208, Bedford, 
MA    01730 

S. Morin; J.  Brown 

CRT/M. Rosenblatt. 19720 
Ventura. Ste H. Woodland 
Hills. CA 91364 

R&D Assoc. POB 3580. Sta 
Monica, CA 90403 

^     H. Brode; C. Knowles; 
J. Carpenter; R. Lelevier 

1    MARA/S. Kahalas, 385 Elliot, 
Newton Upper Falls, MA 
02164 

TRW Sys Gp. 1 Sp Pk. Redondo 
Beach. CA 90278 

1 Lib 
2 A. Kuhl 
1      J. Peterson 
1 Avco/G.  Grant, 201  Lowell. 

Wilmington, MA   01887 

No.  Cys 

1 IDA, 400 Arm-Nav Dr, Arling- 
ton, VA   22202 

1 ASD/I&L, Wash,  DC   20301 

1 Arm For Stf Col/Lib, Norfolk. 
VA   23511 

1 Ind Col Arm For, Ft McNair, 
Wash, DC   20315 

1 Nat War Col/Lib, Ft McNair, 
Wash, DC   20315 

1 USAMC/AMCRD-RP-B, Wash,  DC 
20315 

1 USAEC/AMSEL-RD,  Ft Monmouth, 
NJ    07703 

USNCEL, Pt Hueneme, CA   93041 
1 Code L31 
1 CEC Ofcr 

1 MIT/Dr.  Hansen, 77 MA Ave, 
Cambridge, MA   02139 

1 Princeton U/PPL, Dr Bleakney, 
Princeton, NJ   08540 

Un MI, POB 618, Ann Arbor, MI 
48104 

1 Rsch Soc Ofc 
1 IS&T, G.  Frantti 

1 St Louis Un/Dr.  Kisslinger, 
221 N. Grand, St Louis/MO 
63100 

1 Boeing/R,  Carlson, Seattle. 
WA    98124 

1 GATC/MRD Div Lib, 7501 N. 
Natchez, Niles, IL   60648 

1 H&N Sp Pro Div/S. Smith, 849 
S.  Bwdy, LA, CA   90014 

1 URS,  1811 Trousdale! Rurlin- 
game,  CA   94010 

1 SWP.I/M. Whitfield, 8500 Cule- 
bra, San Antonio, TX    78228 

1 Un IL/Dr. Newmark. Tal  Lab. 
R207, Urbana, IL   61803 

1 IITRI,  10 W.  35. Chicago.  IL 
60616 

1 NWC, China Lake, CA   93557 

1 RAC/Lib, McLean. VA   22101 
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No.  cys No -.cys 
Abdn Pvg Gnd. MD   21005 

5               Ch. Tech Lib; AFLO; 
MCLO; NLO; CDCLO 

1          NASA S&TIF. POB 5700. 
Bethesda, MD   20014 

1         Off Rec Cy/C. Needham. 
AFWL/DYT 

1 

1 

1 

USMC/Code A03H. Wash, DC 
20380 

RAND Corp. 1700 Main. Sta 
Monica. CA   90406 

NASA-Langley/J. Stack, Lang 
Sta. Hampton. VA   23365 
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